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THE DESIGN OF STREET AND HIGHWAY 
INTERSECTIONS 

By L. S. TUTTLE and E. H. HOLMES, Assistant Highway Economists, United States Bureau of Public Roads * 

WO general methods of solving the problems and 
difficulties created by the increase in volume and 
speed of traffic have been developed. One method 

of control regulates traffic movement by such artificial 
means as driving rules, city ordinances, traffic officers, 
or signal devices, while the other seeks to minimize the 
necessity of artificial restrictive measures through the 
physical design of streets and highways for the free 
flow of traffic. 

This paper deals with two classes of intersections, 
those where traffic volume necessitates regulation and 
those where faulty design requires it. It is proposed to 
show how in certain instances intersections may be 
developed which will obviate all control devices and 
rely solely upon the physical construction of the various 
details to induce drivers to take the proper course 
voluntarily, to give preference to the major traffic 
without too severely penalizing the minor traffic, and, 
when some control device is absolutely necessary, to 
facilitate its operation by the proper physical design. 

INCREASED EFFICIENCY FOR EXISTING INTERSECTIONS THROUGH 
MINOR CHANGES IN PHYSICAL LAYOUT 

Curb radii.—A detail warranting most careful con- 
sideration in intersection design is the radius of the 
curves rounding off the curbs of the intersecting streets. 
Cutting back the curbs at existing intersections to 
facilitate the right turn movement is a simple and 
effective device for increasing intersection efficiency, 
particularly where the percentage of right turns is 
large. 
A proper curb radius is one which can be followed by 

the vehicle having the largest normal inside turning 
radius. The largest radius which will be required for 
any but an exceptional passenger car is under 25 feet, 
but various types of trucks and busses have larger 
inside turning radii. It should not be necessary to 
provide for an occasional vehicle having a 40-foot 
turning radius, but it is absolutely necessary for efficient 
intersection operation that the radius be sufficient to 
allow the normal vehicle to follow the curb in turning 
and, for this reason, a curb radius of 30 feet is recom- 
mended as a minimum for highway intersections and is 
incorporated in all the designs presented. 

For street intersections this rule applies only when the 
vehicle making the turn approaches in the outside lane 
of the roadway. Such would not be the case if parking 
were permitted along the intersecting streets and, 
while a 30-foot radius would be entirely satisfactory 
from the traflic viewpoint in this case, it may unneces- 
sarily restrict sidewalk area. In this instance the 
proper turning radius depends not only on the vehicular 
requirements, but also on the sidewalk width and 
parking restrictions. If parking is restricted for a 
distance back of the intersection to allow another lane 
of traffic to collect while waiting for a signal, then the 
radius should be the same as for an open highway 
intersection, but in the case of the intersection of minor 
streets where there is no control and consequently no 
accumulated stoppage, parking should not be restricted 
so severely and so a design for curb rounding as shown 
in Figure 1 should be developed. 

125304—32 

The above discussion concerns only the minimum 
turning radius of vehicles and results in a turn which 
restricts the speed to approximately 12 miles per hour. 
Obviously, in the case of an outlying intersection where 
land is available, it would be desirable to increase this 
turning radius to some figure which would permit higher 
speeds. This step becomes important at heavily trav- 
eled intersections. If the speed which would be main- 
tained provided there were no turning traffic is 20 miles 
per hour and the radius of the curb of the intersection 
is such that only 12 miles per hour can be maintained 
in the turning, turning traffic will unnecessarily retard 
through traffic, materially reducing the capacity of the 
intersection. Therefore, it is advisable to design the 
turning radius to accommodate the same speed which 
would be maintained by traffic moving straight through 
the intersection, except where a heavy pedestrian move- 
ment will control the turning speed. 

7 PARKING LANE 

ROUNDED FOR PROPER TURN- 
ING RADIUS, SERIOUSLY DE- 
CREASES SIDEWALK WIDTH 

SHORT RADIUS CURB; EFFECTIVE 

WHERE PARKING IS PERMITTED. 

Figure 1.—DrEsiGgn or SHort-Rapius CurB 

The speed which will be maintained around a curve 
will vary with the individual driver, but usually will 
not exceed that at which passengers begin to feel dis- 
comfort. This discomfort results from the effort to 
maintain an erect position in overcoming the centrifugal 
force resulting from the deflection from a straight course. 

In order to determine the uncomfortable rate of de- 
flection a series of test runs were made around curves of 
various radii in a coupé and also in a sedan, both in the 
lower price range. When it became necessary for the 
occupants to exert a distinct effort to remain erect, a 
speedometer reading was taken. While this method 
was rough, the observed speeds plotted against the radii 
gave a remarkably smooth curve, the two cars showing 
close agreement. Theorectically the curve should be 
a parabola since the centrifugal force varies as the 
square of the speed. A parabola was accordingly fitted 
to the data by the method of least squares, resulting in 
the following formula: 

R=0.22 V? 
where F is the radius of curvature in feet and V is the 
speed in miles per hour. The comfortable rate of de- 
flection as computed from this formula is 9.7 feet per 
second per second, and the tendency to skid is 0.3 the 
weight of the vehicle, which would be > generally accepted 

> Digested tenn a thesis ripened for the masters’ daarea at ated Rugsél 
Erskine Bureau for Street Traffic Research, Harvard University. 

73 



74 PUBLIC 

as a safe condition. Computed comfortable speeds for 
various radii of curvature are given in Table 1. 

It is obvious that higher speeds may be maintained 
with safety, and, if the curve is followed for only a 
short distance, without particular discomfort. 

TABLE 1.—Comfortable driving speeds for various radii of curvature 

Radius Speed Radius Speed Radius Speed 

Miles per Miles per Miles per 
Feet hour Feet hour Feet hour 

20 10 200 30 600 52 
30 12 250 34 700 56 
50 15 300 37 800 60 

100 21 400 43 
150 26 500 48 

Splayed intersections.—Closely related to the improve- 
ment of curb radii is the practice of splaying or widen- 
ing the roadways at the intersection. This device has 
been used in many places. Successful examples are 
found in Cook County, Ill. and in Reno County, Kans. 
The Illinois design provides an additional lane on either 
side of the pavement for a distance of 300 feet from the 
intersection. ‘The Kansas design eliminates the inter- 
section altogether for turning traffic by providing turn- 
ing roads of 200 foot radius. Such treatment reduces 
congestion by removing much or all of the turning 
movement from the intersection area. The design of 
an intersection of this type depends upon the locality, 
the available right of way, the volume and character 
of traffic, and the percentage of turning movement. 
A suggested design is shown in Figure 2. 

oF Two 30-rootT Roapways 
FOR TURNING 

Figure 2,—INTERSECTION 
SPLAYED 

At,heavily traveled intersections where control 
methods result in considerable stoppage, splaying may 
prove advantageous to through traffic as well as to 
turning traffic, by permitting the accumulation of 
vehicles in a greater number of lanes, with a resultant 
shortening of the waiting lines. Before splaying an 
intersection for this purpose, care must be taken that 
the greater number of lanes may be accommodated 
beyond the intersection to such a point that the 
vehicles may resume their travel in the normal number 
offlanes. Each additional lane of width increases the 
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pedestrian hazard, and necessitates a longer clearance 
period in the control device. 
Islands—To facilitate movement and to prevent 

confusion, islands may be installed within the inter- 
section or in the entering streets. This is especially 
helpful when splaying or wide streets result in an 
intersection of extensive area. 

Medial strips are useful where it is desirable to sep- 
arate opposing traffic movements and at the intersec- 
tion of wide routes where proper alignment on either 
side of the cross streets is difficult. The width should 
be at least 4 feet and should be varied to such an 
extent that the area remaining on either side can be 
divided into 10-foot traffic lanes, with the possibility 
of one 7 or 8 foot parking lane. The construction may 
be concrete or a curb-inclosed grassed or planted area. 
In any case, the curb height should be from 8 to 10 
inches and the end confronting traffic amply protected 
at night by a flashing or reflecting beacon. 

Directional islands are normally located in the throats 
of the streets composing the intersection and their size 
and shape must be very carefully considered in order 
that they will assist rather than hinder the flow of traffic 
through the intersection. They are normally placed in 
a dead area and are shaped according to the desired 
flow of traffic. The islands should extend into the 
throats of the entering streets for such a distance that 
there can be no mistake as to the route to be followed 
and, in case the islands are to be used for pedestrian 
safety zones, they must extend to a point beyond the 
crosswalk and be amply flood-lighted. 

The natural tendency for a driver is to continue in a 
straight line unless compelled to change his route 
because of external conditions. Therefore, it is im- 
perative that these islands, intended to align traffic 
properly, be so designed that the obvious route for a 
driver to follow as he passes the island is the route which 
will bring about the most effective operation of the 
intersection. 

Directional islands may often be located nearer the 
center of the intersection to delimit a neutral area which 
otherwise would be a point of conflict for several lanes 
of traffic. The sides of islands of this sort which ve- 
hicles are expected to follow in turning must have a 
radius which fulfills the requirements previously stated 
under curb radi. 
Many times directional islands are located at the 

center of the intersection to serve merely as a point 
about which traffic turning left must proceed. In this 
case, 1t is not necessary to have a minimum radius as 
specified above, for the vehicle does not follow the 
island for any appreciable distance. The island here 
merely serves to indicate to the driver the route which 
will least interfere with the opposing traffic. Its loca- 
tion must be such that any vehicle turning about it, 
presumably to the left, will be able to do so at a con- 
venient turning radius and will not be required to 
swing out either before or after passing it with conse- 
quent fouling of other lines of traffic. It will be noted 
that the ordinary flashing beacons so often seen at the 
center of intersections fall under this classification and 
their location should be determined in the above 
manner. Applications of this theory are shown in the 
designs which accompany this article. 

ROTARY TRAFFIC 

Rotary traffic is here defined as the movement of 
vehicles around a traffic circle or square in one direction 
only. Such traffic circles and squares are usually 
formed by the convergence of several streets. Where 
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the rotary system is in operation, vehicles are required 
to execute a right turn upon entering the circle, pro- 
ceed around the circle to the right, interweavi ng with 
the traffic already upon the cir cular roadway and leave 
at the desired exit by means of a right turn. The 
circle should be so designed that no vehicle can pass 
directly through the intersection. In effect this plan 
creates a circular l-way street which can be entered 
ot left only by means of a right turn, no left turns being 
permitted. The rotary traffic plan intends a non-stop 
flow of traffic although in special cases it has been 
found necessary to control traffic by officers or lights 
for the convenience of pedestrians. 

The rotary movement of traffic is graphically pic- 
tured in Figure 3, a typical design for the right-angled 
intersection of two 4-lane streets or highways, the paths 
of the vehicles being indicated by means of arrows. 
It will be observed that there are four points of conflict, 
one such point arising about halfway between any two 
entering streets. The basic theory of the system pre- 
supposes that actual conflict will be reduced to a mini- 
mum since entering vehicles are forced by the form of 
the intersection to interweave with the traffic already 
upon the circular roadway by proceeding in the same 
direction. The two traffic streams converge and mingle 
and there is no direct conflict of direction. The flatter 
the angle of convergence the easier and more efficient 
is the interweaving process. This angle of convergence 
bears an inverse relationship to the diameter of the 
central island, the angle decreasing as the diameter is 
increased. However, there are factors which limit the 
size of the central island, such as the amount of land 
available and the greater inconvenience to the traffic as 
the length of travel about the circle is increased. 

The central island.—The function of the central island 
is to produce a true rotary movement. For best re- 
sults, conflicting streams of traffic should converge at an 
oblique angle and there should be sufficient length of 
roadway between entering streets for a complete and 
easy interweaving of vehicles. The shape and size of 
the central island or obstruction around which traffic is 
required to pass, therefore, has a marked influence on 
the efficiency with which traffic is handled. Ordinarily 
the circular form of central island is desirable as best 
fulfilling the above conditions, but for intersections of 
radical design special forms of central island will be 
required. At a right-angled intersection where the 
traffic is much heavier on one street than on the other 
it is usually desirable to give traffic on the major road 
preference by using an elliptical form of central island, 
the long axis of the ellipse coinciding with the axis of 
the major route. By this method the traffic on the 
major route is given the advantage of easy curves at 
the intersection and will be able to pass through with 
greater speed and less delay than traffic crossing the 
major route. Cross traffic will be forced to slow down 
considerably and will filter through the main traffic or 
turn into the main traffic stream when opportunity 
offers with a minimum of delay to the major traffic. 

The size of the central island is a function of the con- 
venient turning radius of vehicles and the length be- 
tween the entering streets required for the interweaving 
of vehicles. Where traffic volume is large, this distance 
should be at least 100 feet for efficient operation al- 
though satisfactory results have been obtained where 
the interweaving distance is considerably less. It has 
been observed, however, that where less than 100 feet 
is provided, the speed of movement is considerably 
reduced as the traffic increases in volume. 
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The size of the central island from the point of view 
of the speed which may be maintained through the circle 
may be determined from Table 1. As mentioned be- 
fore, this table is conservative and the speeds will vary 
ereatly with the individual driver’s idea as to what 
constitutes a comfortable turning speed; but it does 
serve as an indication of the possibilities of a design of 
this sort. 

The radius of the central island is not the only factor 
which controls the speed of vehicles through the rotary 
intersection. It would appear from Table 1 that a 
central island with a radius of 400 feet would permit 
vehicles to pass through at a speed of approximately 40 
miles per hour. Such would not be the case in prac- 
tice. Vehicles would necessarily be retarded by the 
interweaving of conflicting streams of traffic. Speed 
studies on several rotary intersections indicate that 
average speed of vehicles in passing through the inter- 
section is between 15 and 20 miles per hour. 
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Figure 3.—RECOMMENDED DB&SIGN FOR RoTary INTERSEC- 
TION WITH CENTRAL ISLAND OF MINIMUM DIAMETER 

The traffic studies at Lee Circle, New Orleans, show 
that during the maximum hour 2,543 vehicles passed 
through the circle and that the average speed during 
that time was between 16 and 19 miles per hour. 
Several observations at the rotary traffic intersection 
of Old Colony Avenue and Columbia Road, Boston, 
indicate that the average speed through this circle is 
between 15 and 20 miles per hour. While the radius 
of the central island at Lee Circle is 140 feet and the 
radius at Old Colony Avenue and Columbia Road is 
only 88 feet, the average speeds of vehicles passing 
through the intersections are remarkably similar. 

Observations at these two intersections and others 
indicate that an average speed of 15 to 20 miles per 
hour is safe and that interweaving of traffic can be ac- 
complished at this speed satisfactorily. It is believed 
that speeds much in excess of 20 miles per hour are 
dangerous except where the intersection has been de- 
signed along the elliptical form to pass traffic upon a 
major route with a minimum of delay, and where cross 
traffic is light and turning movement negligible. 

Observ ations of actual intersections indicate that 
central islands should not be designed with radii of less 



76 

than 75 feet. At the customary right-angled inter- 
section of two 40-foot roadways, a central island 
with a radius of 75 feet will allow vehicles to pass 
around the island comfortably at a speed of about 20 
miles per hour and will also give a satisfactory distance 
between the entering streets for the interweaving of 
traffic. 

Width of rotary driwweway.—In an effort to determine a 
logical theory of design for the width of the rotary 
driveway, the following formula has been evolved as a 
basis from which to work. A symmetrical case is as- 
sumed, as shown in Figure 4 and all traffic is assumed 
to pass directly through the circle, making no right or 
left turns. It is also assumed that traffic streams oc- 
cupy the same width upon the circular roadway as 
upon the entering streets. This is believed to be the 
case in practice. Observations show that there is little 
or no tendency for vehicles to cut out and pass each 
other while upon the rotary driveway and it has also 
been shown that there is little increase in the capacity 
of a lane of traffic, measured in vehicles per hour, as the 
speed of vehicles increases above 15 miles per hour. 
In other words, while a stream of traffic approaching a 
rotary intersection might be slowed from an average 
speed of 30 miles per hour to an average speed of 15 
miles per hour, the capacity of such a lane would not be 
materially decreased and there would be no tendency 
for the traffic stream to become broader. 
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Ficure 4.—DIAGRAM ILLUSTRATING REQUIRED WIDTH OF 
Rotary DRIvEwAy 

At any point where the traffic on the circle is of maxi- 
mum width, as between two successive entering streets, 
it may be readily proved that this maximum “width is 
the sum of the entering traffic upon one-half of the 
circle. For example, if we consider one-half of the 
entering streets in the accompanying diagram, streets 
Nos. 1, 2, 3, and 4, the width of the traffic stream on 
the circle just past street No. 4 will be 1,000+1,000+ 
600 +400 =3,000 cars per hour (here the term ‘width 
of traffic stream’ is understood to mean the graphic 
width of the band representing traffic density). 
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let ¢ designate traffic density upon the entering streets 
and T the traffic density upon the circle, the density of 
the stream at a maximum point upon the circle may be 
expressed as follows: 

by hlack bgt icke = aaeln 
9 

T= 

As the ultimate capacity of any street is in general 
determined by the number of traffic lanes upon that 
street, it seems desirable to express the width of the 
circular roadway in terms of the total number of 
traffic lanes on the streets entering the circle. If both 
entering and leaving lanes of traffic be included, the 
total must be divided by 4 instead of 2 to hold the same 
relation, as there are as many lanes entering as leaving 
the circle. The width of the circular roadway may 
then be expressed in terms of the total number of 
traffic lanes as follows: 

Sum of all traffic lanes 
Number of traffic lanes___of entering streets 
of circular driveway 4 

Any such formula must necessarily be modified in 
practice. In any case, it seems desirable to have at 
least two traffic lanes upon the circular driveway, one 
for cars passing through and one for cars making right 
turns. It is also doubtful if more than six lanes are 
desirable. Large open spaces tend to confuse drivers 
and the traffic pattern tends to lose an orderly channel- 
ized form. Widths as great as six traffic lanes require 
lane markers, which are objectionable upon the rotary 
driveway. 

Ourb radii.—Curb radii should in all cases correspond 
as nearly as possible to the radius of the central island. 
It has been observed that where curb radii are small, 
traffic tends to make the turn upon entering the circle 
as broad as is convenient, with the result that vehicles 
are carried away from the outer edge of the circular 
drive, and a large percentage of unused pavement. 
results. In Figure 8, F is shown a trafficp attern of 
the Old Colony Avenue-Columbia Road Circle in 
Boston. This pattern clearly shows the effect of short 
curb radu. In this case, approximately 20 per cent of 
the total area of the circular driveway was never used 
by traffic. 

At this point it may also be pointed out that reverse 
curves made by curb radu and the outer edge of the 
circular drive are ignored by traffic. It is much better 
to follow this traffic tendency in design and to eliminate 
such reverse curves by making the outer edge of the 
drive in effect a square or a polygon, as shown in 
Figure 3. 

Directional islands.—Directional islands here refer 
to obstructions in the throats of the streets entering a 
traffic circle, the principal purpose of which is to chan- 
nelize the entering traffic and to direct it into the 
rotary traffic stream at an oblique angle. The shape 
of the island should be such that the entering traffic 
is properly guided in its movement and that no vehicle 
can break out of line to take an undesired course into 
the rotor. This effect is best attained by the use of 
triangular islands, which are naturally formed by the 
traffic pattern, the base of the island being an are 
concentric with the central island and the apex extend- 
ing well up into the entering street. The photograph 
of Scott Circle, Washington, eDoG. (fig. 5), shows very 
clearly the dead space at the entrances of the con- 
verging streets which traffic does not use and which 

If we | should determine the shape and position of the islands. 

acentieeiiniamaa ——— 
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D. C., SHowina AREAS UNUSED BY TRAFFIC AT ENTRANCES OF CONVERGING 
STREETS 

In designing the sides of the islands it is important 
to bear in mind the basic principle that in so far as is 
possible the routes followed should be the natural 
routes of the traffic. The sides should, therefore, be 
arcs concentric with the curbs of the entering streets 
and so terminated that traffic entering the circle is 
released parallel to a tangent to the central island and 
traffic leaving the circle is not deflected from a straight 
line course, paralleling a tangent to the central island. 

The width of pavement necessary between the base 
of any one of the directional islands and the central 
island should not be greater than that required to 
provide for the expected volume of traffic at that point. 
In the case of a right-angled intersection of two 4-lane 
streets or highways carrying an equal volume of traffic, 
the necessary width is two traffic lanes. In this case, 
where traffic negotiates a curve of comparatively small 
radius, it is recommended that 12-foot lanes be 
provided. 

For the sake of appearance and permanency, the 
directional islands should be constructed of concrete 
or masonry curbing, inclosing a graveled or sodded 
area. Where the location of the rotary intersection is 
such that pedestrian traffic must be provided for, the 
directional islands will also function as pedestrian safety 
islands and should be so constructed. The surface of 
the island should be given a rough finish to insure safe 
footing and the end of the island farthest away from 
the intersection should be provided with a concrete 
buttress or post to protect pedestrians from reckless 
motorists. The buttress will also serve to support a 
directional sign. 

Signs.—In addition to the directional islands, traffic 
should be guided in its movement by appropriate signs. 
Such signs ‘should serve two purposes: First, as a warn- 
ing to approaching vehicles of the rotor which they are 
about to enter and the necessity of proceeding with due 
caution; and, second, as a means of directing traffic 
movement on the rotor. In existing circles this purpose 
is usually accomplished by a series of warning signs 
upon the entering streets and 1-way arrows at appro- 
priate points upon the circle. <A logical system of sign- 
ing is indicated in Figure 3. 
“Minimum and maximum designs.—In order to illus- 

trate the application of the theories developed in the 
preceding discussion, two typical designs have been 
prepared, one suggested as the minimum desirable 
installation, while the other is intended as an example 
of the maximum size beyond which no improvement 
in operation may be gained. 

As the rotary installation requires considerably more 
area than the ordinary intersection, the cost of the 
extra land will limit the size of the circle at many 
locations. The design decided upon will be the result 
of balancing the cost of land against the size necessary 
for efficient operation. 

The design shown in Figure 3 is suggested as the 
minimum desirable circle for the intersection of two 
4-lane highways or streets and should be applied at a 
location where land values are relatively high and 
traffic speeds are moderate. 

The basic requirement which should determine the 
minimum size is the distance necessary for easy inter- 
weaving of the vehicles and the angles at which con- 
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verging lanes approach each other. As previously 
noted, the interweaving distance should not be less 
than 100 feet for good operation and the angle of 
convergence should not exceed 30°. In the present 
design, these requirements are satisfied by a central 
island 150 feet in diameter as the distance between 
any two consecutive directional islands is 100 feet and 
the angle between any two conflicting lanes of traffic 
is less than 30°. 

A central island 150 feet in diameter gives a turning 
radius of 75 feet and satisfies the minimum conditions 
for convenient operation, permitting a speed of about 
20 miles per hour around the circle. 

It will be noted that the curb radii are also 75 feet 
to correspond with the radius of the central island and 
that the outer curbs of the circular roadway are straight 
sections joining the curbs of the entering streets. This 
facilitates the right turning movement, for the same 
speed may be maintained when turning right as when 
proceeding through the circle. There is no tendency 
to swing out into the traffic upon the circle and all the 
pavement area is utilized. 

The islands in the throats of the entering streets 
occupy the area which would normally not be used by 
traffic and are so shaped that they channelize the traffic 
movement, but in no way interfere with the natural 
routes. The sides of the islands are circular arcs, 
24 feet from and concentric with the curbs of the enter- 
ing streets, while the base in each case is an are con- 
centric with the central island and 24 feet from it. 
This allows for two 12-foot lanes on all sides of the 
island, the lane width recommended for curves of com- 
paratively small radius. The sides of the islands are so 
shaped that traffic is released on a tangent to the circle 
and appropriate warning and directions are provided. 
As shown in the diagram, the roadway is designed to 
carry two lanes of traffic on all parts of the circle with 
provision for four lanes between entering streets. 

The diagram of the possible traffic paths would 
indicate 16 possible conflict points. A condition such 
as this would probably never exist, even in the heaviest 
traffic. For illustration, consider the case of a driver 
going straight through the circle. When there were 
two lanes moving on the circle, his tendency would be 
to remain in the outer lane and to head directly for the 
exit street on passing the central island. If, however, 
he wished to make a left turn, following around the 
rotor for 270°, he would in all probability enter the 
outer lane of traffic and at the first opportunity move 
into the inner lane next to the rotor, remaining there 
until he approached the street on which he intended to 
leave the circle. When an opportunity offered, he 
would mingle with the vehicles in the outer lane and 
leave on a tangent as did the first driver. 

If the drivers acted as outlined above, which is a 
reasonable assumption, they would cut only the two 
lanes of traffic upon the circle and this reduces the num- 
ber of conflict points to a possible maximum of eight, 
or one for each lane of traffic. There will ordinarily 
be but a single line of traffic around the rotor and proba- 
bly one on each entering street, thus reducing the 
number of conflict points to four. 

Since land values and costs fluctuate widely, there 
has been no attempt to estimate the cost of constructing 
the traffic circle illustrated in Figure 3. However, 
the following comparison of the rotary design with an 
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ordinary intersection is made, 100-foot rights of way 
being assumed for each of the highways: 

Ordinary 
Item Rotary | intersec- | Excess 

tion 

Square Square Square 
yards yards yards 

Gradings22 1 28 22s ose a a ee 6, 400 3, 600 2, 800 
Pa VN G2. a oe es eee ee ee Lp CTR 3, 716 3, 600 116 
Island ares. see <a ee a eee ee 2, 697 None. 2, 697 

Approximately 1,800 square yards of land will be re- 
quired in addition to that included in 100-foot rights of 
way. 
if many cases, where land is less expensive and the 

acquisition of extra land at the intersection 1s not an 
important consideration, the size of the circle may be 
increased to good advantage. In the design suggested 
as a minimum, the entering lines of traffic intersect those 
leaving at the next street at an angle of approximately 
30°. As the diameter of the rotor and the curb radii of 
the entering streets are increased, this angle becomes 
smaller until at some point the entering and leaving 
lanes become tangent to the rotary traffic lanes, as 
shown in Figure 6. 
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FIGURE 6.—RECOMMENDED DESIGN FOR A RoTAary INTER- 
SECTION WITH CENTRAL ISLAND OF MaxIMuM DIAMETER 

It is obvious that any further increase in the diameter 
of the circle will not result in a corresponding improve- 
ment in operation. The entering lanes of one street 
merely become tangent to the rotary movement before 
the exit lanes of the next successive street leave it and, 
in addition, it becomes necessary to introduce the 
objectionable reverse curve in the outer curb. 

The physical features of this circle are designed in 
accordance with the general principles followed in the 
design of the minimum circle. The central island and 
the curbs of the entering streets are of equal radius and 
the straight outer edge of the circular roadway elimi- 
nates the reverse curve in turning right. The islands 
are designed according to the traffic pattern and since 
the distance between islands is much greater than is 
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the case of the smaller circle, the roadway width may 
be less and still permit easy interweaving. 
_ From the standpoint of efficient operation, this circle 
is the largest that should be used. There is no conflict 
between entering and leaving lanes and with reasonably 
skillful driving there should be no conflict of traffic lanes 
upon the circle. The only reduction of speed is occa- 
sioned by vehicles interweaving and jockeying for posi- 
tion. ‘Table 1 indicates that speeds of 30 miles per hour 
may be maintained on the circular roadway with com- 
fort. A circle of this sort would be rarely installed, but 
it may be advantageously used at the intersection of two 
heavily traveled rural highways or at such locations as 
parkways, civic centers, and the like. 

The land required in excess of the 100-foot right of 
way is approximately 14,500 square yards, and the 
quantities are as follows: 

Ordinary 
Item Circle | intersec- | Excess 

tion 

Square Square Square 
< yards yards yards 

(io GREK RU OYERS ot Baten cA ces ge 27, 800 7, 000 20, 800 
1 pla eg es 5 2s ope ee ee 9, 800 7, 000 2, 800 
Island area 18, 000 None. 18, 000 
CUD in Con aeeeree eee ee FE ee 15,740 13, 120 1 2, 620 

1 Linear feet 

Adaptability of rotary traffic—In conclusion, it may 
be well to point out the advantages of the rotary 
traffic system and to suggest the limiting conditions 
which will determine the expediency of its application 
at a particular location. The greatest apparent ad- 
vantage of rotary traffic is that in theory it presupposes 
a continuous movement of traffic, direct conflict of 
vehicles and the troublesome left turn being eliminated 
by the device of compelling all traffic to proceed in one 
direction around a circular drive. The system is 
capable, therefore, of handling a large volume of 
traffic with little delay. 

Another very distinct advantage is the reduction in 
accident loss. The shape of the true rotary inter- 
section is such that traffic is compelled to slow down 
and the paths of vehicles do not cross at right angles, 
but rather converge and interweave. <Any accident 
which occurs, therefore, is the result of a small dif- 
ferential of speed, a following car colliding with a 
slower vehicle proceeding in the same direction, or 
side-swiping a vehicle during the interweaving process. 
Head-on collision, or a right-angled conflict of vehicles, 
is virtually impossible. 

That safety is improved by rotary traffic is evidenced 
by Table 2, which gives the experience in Los Angeles, 
Calif., before and after the installation of a traffic 
circle. 

In spite of these obvious advantages there are 
several disadvantages which seriously restrict the ap- 
plication of rotary traffic in the ideal symmetrical 
form. The cost of the excess land required is a signifi- 
cant factor where land values are high. It would be 
economically unsound, for example, to install even 
the minimum suggested design at intersections in the 
business district of a city. The cost of excess land at 
such a location would be so great that it would probably 
be more economical to construct a grade separation. 

A second factor is that of topography. Tne rotary 
system is designed for operation on level circles and 
any attempt to install a rotary intersection on a 
grade would result in obvious complications. As far as 
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TABLE 2. Number of accidents and property damage before and 
after the installation of a traffic circle in Los Angeles, Calif. 

Neighboring right-an- 
gled intersection at 
Wilshire Boulevard 
and Vermont Avenue 

Intersection at Wilshire Boulevard and Western Avenue 

S ‘ Property w Property 1922 Accidents damage Accidents damage 

4 months, before installation of 
GP ATIC ICING G ee ae ee 50 $1, 491 30 $833 

6 months, after installation of | 
Ur AM ChCINC] Of aens-eekase eee = 32 353 62 1, 640 

is known, there are no installations where the circle 
itself is on a grade. 

A most important consideration is the character of 
the traffic. The system operates to greatest advantage 
when traffic is uniform in character, as a variety in type 
of traffic seriously reduces its efficiency. It was 
intended primarily to facilitate motor-vehicle traffic 
of roughly uniform operating qualities. When, in 
addition, pedestrian and street car traffic must be 
provided for, it is necessary to modify the system to a 
considerable extent. 

In the usual rotary intersection, vehicular flow is 
uninterrupted and the pedestrian is at a decided dis- 
advantage. The situation, however, is similar to that 
at any uncontrolled intersection and unless there is a 
very large volume of traffic, no particular provision 
need be made for pedestrians. The auxiliary direc- 
tional islands serve as convenient refuges and it is 
suggested that pedestrian crosswalks be laid out to 
utilize the safety areas thus provided. By using the 
islands in this manner, the pedestrian crosses no more 
than two or three lanes of traffic at one time, and 
encounters vehicles moving in one direction only. 
When vehicular traffic is very heavy and when, in 

addition, there is a large volume of pedestrian traffic, it 
will be necessary to provide pedestrian subways or to 
interrupt the vehicular flow occasionally for the con- 
venience of pedestrians. This is easily accomplished 
by the installation of traffic signals as at an ordinary 
intersection. 

Street cars present a more difficult problem. In a 
ereat many instances where the rotary system has been 
applied to regulate traffic on an existing circle or square, 
tracks are so located that street cars conflict with the 
rotary movement of vehicles, the street cars generally 
proceeding directly across the circle. In periods of 
hght traffic this conflict is not serious, but as the traffic 
volume increases it becomes necessary to interrupt 
movement upon the rotary roadway for the passage of 
street cars. 

Square or polygon-shaped central islands.—The use of 
square or polygon-shaped central islands in the design 
of rotary intersections reduces the efficiency of the 
system and any advantages which may be attributed 
to this type of design are enhanced in the circular 
design. This particularly is true where the minimum 
size of rotor is contemplated for a given intersection. 

Figure 7 illustrates two types of rotary intersection 
in which a square central island is used, the island 
being so designed that the sides of the square are at an 
angle of 45° to the center lines of the streets forming the 
intersection. The intersection in each case is a simple 
right-angled one and the purpose of the designers has 
evidently been to evolve a rotor requiring a minimum 
amount of land compatible with efficient operation. 
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COOK COUNTY DESIGN 

Ficuret 7.—Rorary INTERSECTION DeEsIGNs WITH SQUARE 
CENTRAL ISLAND 

The British design appears in A Report on the Lay- 
out of Crossroads, Junctions, and Corners, submitted 
by the British Ministry of Transport to all road author- 
ities in England. This report was published in full in 
the The American City for November, 1929, Volume XLI, 
No. 5, pages 151-154. The design which appears here 
was recommended for use at the crossing of two roads 
of equal traffic importance. The Cook County design 
is included in the report of the Cook County, IL, 
Grade Separation Advisory Committee, August 5, 1929. 

The greatest apparent advantage of this type of 
design is that it permits better arrangement of the 
building lots about the intersection than does the cir- 
cular form. However, if the outer curbs of the inter- 
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section are designed as straight lines, as suggested in 
Figure 3, rather than as arcs concentric with the cir- 
cular island, this apparent advantage disappears. 
There remains only the possible advantage to be gained 
in a saving of land required by the square design. 

Table 3 gives a comparison of the dimensions of the 
two square designs and the recommended circular de- 
sign, showing the various areas of pavement and islands 
required: 

TABLE 3.—Dimensions of central island and land areas required 
for British and Cook County designs, as compared with recom- 
mended circular design of Figure 8 

Area pave- F Area excess 
ment Area islands land taken 

: Dimensions of central 
Design island 

Square| Per |Square} Per |Square| Per 
yards | cent!| yards | cent !| yards | cent ? 

IBTitishae== aes 110 feet square________- A LGT.| PUL le vel lea 860 47 
Cook County-_-_-_| 166 feet square___.____- 4, 224 113 | 2,982 | 110.5 | 2,300 126 
Recommended__| 150 feet diameter circle_| 3,716 | 100 | 2,697 | 100.0 } 1,820 100 

1 Percentage of recommended design. 
2 Excess area required to be taken based on 100-foot right of way in each case. 

In spite of the shght advantage in the amount of land 
required in the case of the British design, there appear 
to be several serious objections to the square design 
from the point of view of traffic efficiency. These 
objections may be made clear by a detailed discussion 
of the designs in Figure 7. 

The first objection is the necessity of using a very 
short radius in rounding off the corners of the square 
island. In the British design, while the square is 110 
feet on a side and gives an admirable distance between 
entering streets for interweaving, the curves rounding 
off the square have a radius of only 30 feet. This radius 
is but slightly larger than the minimum turning radius 
of our longer-wheelbase automobiles. It is obvious 
that in negotiating this rotor traffic will be compelled 
to travel very slowly to remain in the channels provided 
for it or it will maintain a normal rate of speed and 
avoid the designed channels. At a speed of 15 or 20 
miles an hour, the vehicles occupying the inner lane 
of traffic next to the central island will be thrown 
toward the outer lane on rounding the corners, with 
resulting conflicts and possible accidents. The traffic 
proceeding about the square will tend to take a circular 
course and the traffic pattern wil! undoubtedly show the 
square inscribed in a rough circle. The 30-foot curb 
radu of the entering streets will bring about a similar 
effect along the outside of the rotor when vehicles make 
aright turn. These two tendencies reduce the effective 
width of the roadway and concentrate traffic in the two 
center lanes. 

The Chicago plan has some advantages over the 
English design. The curb radu are 75 feet, and cars 
turning to the right with the intention of leaving by 
means of the next street can negotiate the turn at 
about 20 miles per hour without swinging wide into 
the inner lane. However, the design is not consistent 
in that the radius of the curves rounding off the square 
rotor is only 42 feet. While a night turn can be made 
at a speed of 20 miles per hour, a car proceeding directly 
through the intersection must slow down considerably 
in making the 42-foot radius curves. If speed is not so 
reduced, the motorist will be forced to swing out into 
the next traffic lane and the same disadvantages hold 
as for the English design. 
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EXISTING TRAFFIC CIRCLES DISCUSSED 

In an attempt to gather information concerning the 
design and operation of existing traffic circles, a ques- 
tionnaire was sent to all cities with a population of 
100,000 or more and to other cities in which it was 
known that traffic circles were in operation. A sum- 
mary of the data assembled through the courtesy of 
the various city engineers and members of city planning 
commissions appears in Table 4. This table, while 
containing all the information received, is admittedly 
incomplete, but will reveal particularly the wide vari- 
ance in practice in the design of circles. In view of 
this fact, several plans are presented, each of which has 
one or more particularly good features which, if incor- 
porated in a single design, would result in an intersection 
almost coincident with that presented in the previous 
chapter. 

It will be seen in the table that the speed of vehicles 
passing through the intersection was given in only two 
cases. Despite the wide difference in both the diameter 
of the rotor and the volume of traffic, the speed main- 
tained is practically the same. It is believed that this 
speed will be relatively constant for all circles, but any 
additional information both as to volume and speed 
which may be maintained upon existing circles would 
be very valuable to one considering the installation of 
such a design. 

Monument Circle—Monument Circle! in Indian- 
apolis, Ind. (fig. 8, A), represents good practice in 
existing traffic circles. It was originally planned in 
1821 by Ralston, an assistant to Major L’Enfant, as 
the center of a city 1 mile square with four broad 
avenues radiating from it. At the present time, the 
circle passes 1,500 to 2,000 vehicles per hour without 
interruption and without regulation by traffic officers 
or signal-control lights. It is also the terminal of all 
city bus lines. 

Features of note are the large radius of the central 
island and the design of the islands in the entering 
streets. These islands were installed in response to 
traffic demands and for pedestrian safety. It is worthy 
of note that while the areas are merely outlined with 
stanchions and traffic buttons, the operation is efficient. 

The circular driveway width, which is entirely ade- 
quate in this case, is the same as that given by the 
formula previously suggested, that is, one-quarter of 
the width of the entering streets. The operation of the 
circle would undoubtedly be improved by increasing 
the curb radii of the entering streets, but there is serious 
question if increased efficiency would compensate for 
the expense of such a proceeding in the heart of the 
city. . 

Niagara Square.—Niagara Square, Buffalo, N. Y. 
(fig. 8, B), is a good example of the rotary system 
applied to a large square. The corners of the central 
island have been cut back to such an extent that it 
is practically a circle and large turning radii are pro- 
vided for traffic circling the island. It will also be 
noted that the curbs of the entering streets are cut 
back to provide a turning radius sufficient to allow 
entering vehicles to execute the right turn without 
interfering with the traffic already upon the square. 

As there are seven entering streets, the interweaving 
distance in several places is less than has been recom- 
mended; but because the heavy traffic flow is largely 
confined to Niagara Street and Delaware Avenue, the 

1 Information furnished by Mr. H. B. Steeg, secretary-engineer, city planning 
commission, , 
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| TaBLE 4.—Hzisting traffic circles in cities of 100,000 or more 
| population in the United States 

Total | Width] .. Maxi-| a... 
Diam-|width| of sae mum | * oo 

. =e eter of circu- ; ve- ; 
Circle Location of i Nantere 0 lex po Aieles Soe 

circle | ing | road- per 
streets} way streets hour hour 

Feet Feet Feet 
Weeeoe rose sete New Orleans, La._| 280 202 40 4] 3,400] 16-19 
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DUR Onts oro soon Washington, D.C_} 386 464 40 TOG) eons eae 
slaty ake Chal se ewes eee (eae CLGira™ uereuee es 190 164 40 Oi aes eee 
Thomas. Csie 254 soe! dos Bees Sere 208 440 50 871) spe00! [eae 
PCOUbs seco gee eee elt oe aw Oe ae eat eee 120 450 60 6. 27660" ie 
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TAD Gases ee nee dope 2 Se? 300 300 40 cies [egal [ee ees 
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Lincoln Memorial_|._-_- GOQDEE Ss Seer ee 640 290 60 i ee Seal es Be 
OhovyaGhasce en lessee GOL a. eee ee 240 350 70 } gl Rae OB ee 
Laurelhurst__-_---- Portland, Oreg___- 190 192 8 Bye ee eS 
Central Park____-- hele (aah phere Nall Jo 240 264 36 to) ees [ee 
Colorado and | Pasadena, Calif--_- 60 194 70 Cee es ae eee 

Orange. 
Columbia Road | Boston, Mass____-j 175 177 60 4; 3,000 | 15-20 
and Old Colony 
Avenue. 

Kaign Avenue____| Near Camden, N.J-_ 320 310 50 Gis, 200) |eaee aos 
Whitehorse Pike__|_---_ Glo) y= Aa ee 1110 145 45 By |; 2ra6o: (2a oo 

Brooklawn East__| Near Brooklawn, 200 167 36 Le eee Bea aoe 

Brooklawn, West_|.---. (clo ere Le eS 155 135 33 Sih Poe Sao a ees Se 
Ridge Road Bridge | Rochester, N. Y-- 216 300 60 Giles eae =| See 

approach. 
Lindell (proposed) | St. Louis, Mo___-- 130 320 70 Sit) ee Ae ee 

1 Minimum. 

operation of traffic through the square is not seriously 
affected. Here the width of the circular roadway is 
less than the maximum given by the formula and this 
width is still further reduced by vehicles parked around 
the outer curb, illustrating that the formula gives a 
very generous roadway width and that traffic can be 
handled efficiently with less width. 

A traffic count made on July 7, 1929, showed that 
3,548 vehicles entered the square during the maximum 
hour and passed through without delay or confusion.” 
The advantages of the design are the large radii of the 
central island and the curbs of the entering streets. 

Circles in Portland, Oreg—Two traffic circles of 
Portland, Oreg., present examples of good design. 
Figure 8, C is the intersection of two main traffic streets 
in a residential district. Both carry a large volume of 
traffic which passes through the circle without inter- 
ruption. 

An interesting feature of this design is the excep- 
tionally large radu of the curbs of the entering streets. 
A radius of 200 feet gives a continuous curve for traffic 
turning right from one entering street into the next 
and results in the outer curb of the circle being convex 
with respect to the central island. Where land is not 
exceptionally expensive, this practice offers some ad- 
vantage over the straight outer curb design. Very 
little roadway width is wasted and vehicles are en- 
couraged to follow a natural route. The radius of 
the central island is 95 feet, resulting in a satisfactory 
interweaving distance. 

Figure 8, D illustrates a treatment where a number of 
streets converge at a point. The radius of the central 
island is too small to give a satisfactory interweaving 
distance provided all the streets were carrying a heavy 
traffic load, but it is effective in this case because the 
traffic is concentrated on Ladd Avenue and the other 
streets are of comparatively minor importance. 

2 Report of the Committee on Street Traffic Economics, Bulletin 104 of tha 
American Railway Association, p. 28. 
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In both these designs excellent results are obtained 
with a roadway width less than the theoretical maximum, 
three lanes of traffic being provided in the first case and 
four in the second. Directional islands might well be 
added in the design, being particularly adapted in the 
first case where the open space in the entering streets 
created by the large curb radii is likely to prove con- 
fusing to entering traffic and hazardous to pedestrians. 

Lee Circle-—Figure 8, E is a drawing of Lee Circle in 
New Orleans, La., which has a diameter of 280 feet. 
The short curb radii necessitate a reverse curve move- 
ment through the circle. This condition gives rise to 
a large area of unused pavement and makes improb- 
able the desirable flat angle of intersection. However, 
the large diameter affords a greater interweaving dis- 
tance, a desirable feature. 

Traffic counts taken for the entire circle show a total 
of 2,543 vehicles entering the circle during one hour. 
Partial counts during the peak period indicated that 
nearly 3,400 vehicles passed through the circle during 
the rush hour. Speed studies showed that the speed 
varied from 16 to 19 miles per hour. 

The roadway width in Lee Circle is 40 feet which, 
with a parking lane, permits three lanes of traffic. 
The total number of lanes on the entering streets, 
subtracting parking lanes, is 13. Thus the width is 
slightly under the maximum given by the formula sug- 
gested. The fact that there was at all times a complete 
freedom of movement in spite of the disadvantage of 
the short curb radii indicates that the formula gives a 
reasonable maximum width of roadway. 

Columbia Road Circle-—This circle, near Boston, 
Mass., is represented in Figure 8, F. It is very near 
the minimum recommended design, having a central 
island 175 feet in diameter. It is located at the inter- 
section of Old Colony Boulevard and Columbia Road 
and at certain times of day is required to accommodate 
a large number of vehicles with a large percentage of 
turning movements. 

The effective operation of Columbia Road Circle, 
even under its peak loads, is a proof of the efficiency 
of this type of design. Observations indicate that well 
over 3,000 vehicles pass tbrough the intersection dur- 
ing a peak hour at speeds ranging from 15 to over 20 
miles per hour. During these observations congestion 
was not appreciable, no actual stoppage was ever seen, 
and little slowing down below the speed required for 
comfort in turning was noticed, even in periods of heavy 
traffic, 

This circle further indicates the unused area created 
by the circular outside edge of the roadway. Traffic 
patterns on the pavement show that over 20 per cent 
of the pavement is never traveled over by vehicles 
passing through the circle. 

Kaign Avenue Rond Point.—This circle, shown in Fig- 
ure 8, G, was constructed by the New Jersey State 
Highway Commission. It has for a rotor a perfect 
circle, the large radius being necessary to provide for 
a proper interweaving distance. 

It will be noticed that close attention has been paid 
to detail and that all details, in themselves correct, are 
properly combined to form an efficient intersection 
design. It is this attention to detail that premits the 
effective operation of this circle under the conditions 
of heavy traffic, a maximum of about 3,000 vehicles 
per hour being passed with little delay. 

In the preceding designs no effort was made to pro- 
vide for unbalanced traffic flow. The designs shown 
in Figure 9 are intended to illustrate the flexibility of 
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the system, to suggest a modification applicable to the 
intersection where it is advisable to give preference to 
the traffic upon one or the other of the intersecting 
streets, and to suggest a rotary treatment for the com- 
mon forked intersection. 

It will be noted that each of the designs applies the 
basic principles on curb radii, island location, and inter- 
weaving distance previously developed. Figure 9, C 
shows how even a common parkway may be developed 
on rotary principle, which results in a design similar 
e pe applied by Mr. Fritz Malcher in Radburn, 

SPECIAL DESIGNS WITHOUT ROTARY PRINCIPLE 

The rotary principle is a specialized type of treat- 
ment which is particularly well adapted when a large 
volume of traffic must be handled at a comparatively 
low rate of speed. At intersections where there is only 
an intermittent flow of cross traffic, the vehicles upon 
the main highway are unduly penalized by the shape 
of the rotor. While the rotary system is not well 
adapted to such a situation, some form of treatment is 
desirable to permit the high speed boulevard traffic to 
flow without interruption and at the same time to pro- 
tect the traffic crossing the main route and that turning 
into it from the minor route. The following designs 
have accordingly been presented to illustrate how this 
purpose may be accomplished by means of a system 
of well-placed channelizing islands. 

The design in Figure 10, A, is well adapted to a T 
intersection where the traffic entering the heavily 
traveled street is very light. This type of intersection 
was developed by the Westchester County Park Com- 
mission and has proved very efficient at various inter- 
sections on the Saw Mill River Parkway. In this design 
the main roadway is 40 feet in width and, as shown, the 
opposing traffic is separated by islands at the intersec- 
tion and the half roadway width increased to 30 feet. 
The widening effect is accomplished by means of re- 
verse curves so flat (8° in this case) that there is no 
cause for reduction of speed on the main route. 

The purpose of the islands is not to produce a rotary 
movement, but rather to provide a safety zone for 
vehicles waiting to enter or leave the main traffic by 
means of a left turn. For right turns, either entering 
or leaving the side street, 40-foot curves are provided 
and the increase from 20 to 30 feet in the half roadway 
width permits the turning vehicle to proceed alongside 
the main stream of traffic until it can accommodate 
itself to the speed of this traffic. In the case of left 
turns the importance of the islands is shown to best 
advantage. In turning left into the through street, 
the driver waits in the entering street until there is a 
sufficient interval in the traffic stream to allow him to 
cross to the space between the islands. If necessary, 
he may wait again in this protected area until the lane 
next to the island is open, when he enters and remains 
close to the island as he accelerates to the speed of the 
main traffic. During this acceleration period, there 
is still 20 feet to the right of the vehicle as it follows the 

island and there is ample room for all vehicles to pass 
even though both lanes are flowing full. 

Similarly, in making a left turn from the main street 

into the side street, the driver remains close to the other 

island as he decelerates, thus leaving room for two 

lanes to pass on his right. Having slowed down sufh- 

3 Abolishing Street Traffic Intersections Without Grade Separation by Fritz 

Malcher ,American City ,September and October ,1929. 
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ciently, he turns into the protected area and as soon as 
the opportunity arises, crosses the other half of the 
highway and proceeds on the side street. 

A design of this sort is less rigid in its various re- 
quirements than is a rotary traflic circle. Since no one 
will turn completely around an island, there is no 
necessity for making it the usual 60 feet in width. It 
is sufficient to place it so that it will be just inside the 
path followed by a vehicle in making a normal left 
turn as indicated by the traffic movements. Thus, the 
width is a factor only of the space required to provide 
an adequate safety zone. In this case 14 feet is used, | 

a width which has been found satisfactory. Since a 
vehicle waiting in the protected area will stop at some 
point in its normal turning path, it will be in a diagonal 
position to the roadway at an angle of approximately 
45°, so that 14 feet is ample to protect the largest car. 
The width of the narrow end of the island and its 
length are immaterial, the sides of the island generally 
being concentric with the sides of the road and the 
limiting condition at the narrow end being the width 
necessary to protect properly a significant warning sign. 

No extra land is required over the normal right of 
way. An estimate of the quantities follows: 
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The design shown in Figure 10, B, is very much the 
same as that discussed for stub-end intersections. 
This design, it may be observed, is applicable to the 
intersection resulting when a lightly-traveled street 
enters a heavily-traveled main highway on a curve and 
approximately tangent to the curve, a case very often 
encountered. 

The physical features of this intersection follow 
exactly the same principles as those developed for the 
T intersection. In this case, the desired extra width 
is obtained by flattening the curve of the inside edge, 
and providing curves of greater degree on the outer 
edge. To eliminate a reverse curve on entering the 
main road from the secondary road and to prevent a 
vehicle from encroaching on the traffic lanes of the main 
road before it has acquired sufficient speed, the outer 
edge of the secondary road should be brought in on a 
tangent to the widened curve from a point some dis- 
tance back of the intersection as shown in the diagram. 

The effectiveness of the operation of this intersection 
depends entirely upon the proper location of the islands 
which, in turn, depends upon the radius of curvature 
and the angle of intersection. The details of the loca- 
tion of these islands may be seen in the diagram. 

With the usual rights of way now acquired for rural 
highways, this design does not require much excess 
land. Assuming 100 and 60 foot rights of way, respect- 
ively, and that the present roadways are centered on 
the center lines of the rights of way, 2,500 square feet 
of excess land will be required, consisting of a small tri- 
angle in the throat of the intersection. When the de- 
sign is to be constructed in conjunction with a reloca- 
tion of the highways under consideration or in conjunc- 
tion with new construction, the center lines of the high- 
ways may be so placed with respect to the rights of 
way that no extra land is required. 

The design in Figure 10, C, another adaptation of the 
Westchester system, is similar to that presented in Fig- 
ure 10, B except that the minor street is the one requir- 
ing the turn instead of the major street. The basic 
principle is the same; the turning traffic is protected 
from the through traffic and can not inconvenience it. 
Extra highway width on either side of the islands per- 
mits the slower turning traffic to mingle freely with 
the fast through traffic and an ample protected area 
between the islands is provided for waiting if necessary 
before turning. 

The feature to be noted is the difference in the loca- 
tion of the safety islands. As in the previous design, 
they are so located that traffic turning about them will 
be directed into the proper route, but because of the 
difference in angles and the straight instead of curving 
through highway, the distance between the islands is 
much less. This indicates the necessity of a study of the 
particular intersection before placing the islands, since 
their proper location is the determining factor in the 
successful operation of this type of intersection treat- 
ment. 
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The extra land required is negligible and, as the 
additional pavement is dependent on the angle of inter- 
section, no specific estimate is presented. In any case, 
the quantities will not be much in excess of those for 
the stub-end, right-angled intersection. (Fig. 10, A.) 

EXISTING SPECIAL DESIGNS 

The designs presented in the preceding paragraphs 
were not intended to cover all possibilities, but rather 
to bring out the principles involved and to show their 
application to a few common types of intersection. 
The designs illustrated in Figure 11 show how, in some 
cases, these principles have been actually applied and, 
in others, the proposed application. Each design rep- 
resents a carefully considered solution of the particular 
problem and is illustrative of a practice which might 
well be applied at countless intersections. 

The three designs shown in Figure 11 A are in 
Miami, Fla., and represent a good application of the 
principle that the driver should be directed into the 
proper route by making that route the natural one. 
The first of these (N.W. Fifth Street) might be termed 
a modified rotary system, in which case the central 
island would be a rotor, about which the streams of 
traffic flow, vehicles entering or leaving as the line 
progresses. In a sense this is what actually happens, 
but because of the general layout of the intersection 
and the turning movements to be expected, it is prob- 
able that most of the traffic will turn about the island 
rather than follow it closely for any considerable dis- 
tance, as in a true rotary movement. For this reason, 
therefore, this design is classed as a special design and’ 
all the islands are termed directional islands. 

The traffic entering the intersection from any street 
is confronted by the “oval island, about which it must 
turn. The island is so placed that any vehicle follow- 
ing its natural course through the intersection inter- 
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sects other lines of traffic at an oblique angle, which 
makes interweaving or intermingling easy. 

The second design (N.W. Eleventh Street) represents 
the solution of a rather complicated intersection, the 
open areas of which, without directional islands, would 
cause confusion. The largest of these islands is a circle 
40 feet in diameter. As in the preceding case, this 
might be termed a rotary traffic island, but its small 
size and the fact that again few vehicles follow close 
to the edge for any considerable distance leads to its 
classification as a directional island. 

Its location is the most important feature of this 
design, for upon this depends the routing of all traffic 
passing through the circle. The other islands serve 
to make vehicles approach the circular island at the 
proper angle. The two smaller islands at the east of 
the central island provide safety for traffic turning left 
from NW Eleventh Place, and prevent any vehicles 
from cutting to the left of the circle as they emerge 
from NW Eleventh Street. 

The third design (NW. Fourth Street) is composed 
of strictly directional islands, there being no semblance 
of rotary movement. The islands are so shaped and 
located that the route which any vehicle should follow 
is obvious and is the one which will cause the minimum 
of confusion in the intersection area. 

In all these cases the islands are of permanent con- 
struction, all being curbed and planted with grass, 

shrubs, or palms which add measurably to their appear- 
ance. It is of interest to note that they were not in- 
stalled as permanent fixtures until the size and shape 
had been determined by trial, using temporary islands. 
In this way it was possible to insure efficient operation. 

The following excerpt from a letter from Mr. J. E. 
Jewett, office engineer, is of interest: 

There is little question but what such traffic islands reduce 
accidents very materially. Rotary traffic is usually slow traffic 
in terms of miles per hour, but is rapid traffic in terms of vehicles 
per hour. As traffic congestions develop, we expect to install 
more such traffic separators. 

We have learned that we can seldom lay out a system of islands 
in the office that will work. It is nearly always necessary to 
make changes in the field. Our policy is to put up movable 
forms for the islands, making changes here and there until we 
are convinced that we have solved the problems. These forms 
are a in place as long as 30 days before the permanent curbs 
are built. 

Figure 11, B represents two designs prepared for the 
intersection of South Avenue and Newton Street in 
Weston, Mass. The upper plan shows an adaptation 
of the design presented as the Westchester type to the 
special conditions encountered here. The islands are 
so shaped and located that they direct traffic into the 
routes consistent with the most efficient operation of 
the intersection. No traffic lines are materially devi- 
ated from their natural courses and ample area between 
islands provides for the safety of the turning traffic. at lial 



July, 1932 PUBLIC 

A more elaborate solution, which would be justified 
only in case of a marked increase of traffic on both 
routes, such that the consequent delay is considerable, is 
seen in the lower plan. This design, similar to Figure 
9, E provides a rotary movement, and necessarily 
functions well only at relatively low’ speeds. 

It should be noted that the second design might be 
considered an extension of the first, the throat of the 
intersection being practically the same in both cases. 
Allowance in a design for future development is an 
important feature. 

PROGRESSIVE DEVELOPMENT OF AN INTERSECTION 

In view of the tremendous cost of acquisition of land 
at a date when traffic demands require an intersection 
treatment, it is an increasing practice to obtain control 
of sufficient land abutting intersections to allow pro- 
gressive improvement. 

Various means of reserving this land for future use 
are exemplified by the methods used in city planning 
control of new developments. The simplest and most 
effective method is by outright purchase at the time 
of initial construction, based on the theory that it costs 
little more to obtain a wide strip of land than a narrow 
one, but that to take additional land after the original 
route is laid out is invariably expensive. 

An alternative is to purchase immediately only the 
land necessary for the first development of the inter- 
section; and, by means of zoning regulations, to insure 
against private developments in the right of way to be 
needed in the future. Such regulations must neces- 
sarily conform to court decisions on the subject of 
zoning in the jurisdictions concerned. A reasonable 
restriction would allow the owner to make whatever 
use of his property he desired, so long as he complied 
with the general zoning requirements, but would stip- 
ulate that any buildings or other improvements would 
be removed from the area in question, without com- 
pensation to the owner, at the time anticipated for the 
improvement of the intersection. This would permit 
the erection of inexpensive buildings having a length 
of life less than the period between the first and the 
second improvements, as well as the use of the land for 
agricultural or other purposes. It would, on the other 
hand, prevent the building of permanent structures 
which would preclude the possibility of a grade sep- 
aration or a traffic circle. 

Where zoning acts do not permit this procedure, it 
may be possible to incorporate in the deed covering the 
original purchase a provision similar to the restriction 
outlined above, applying to land which will be required 
for future intersection development. 

In case all the land required for full development of 
the intersection is purchased at the time of initial con- 
struction, the land not needed immediately may be 
leased for the construction of temporary buildings or 
such other use as may be profitable. In this way all 
or part of the carrying charges on the additional land 
may be defrayed during the period when it is not needed 
for the intersection. 

If this plan were followed a State highway depart- 
ment or other agency would find itself with a consider- 
able amount of land on its hands for which it had no 
particular use at the time but which must be kept in 
a presentable condition. 

development of an intersection are presented. 
The intersections fall naturally into two classes 

according to location, first, those in country or park- 

In order best to use the avail- | 
able area, the following methods for a progressive | 
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way locations and, second, those in districts which will 
be built up with industrial or commercial structures. 

In the first instance, a proper design would be one 
requiring a generally square plot of land with the 
intersecting roads forming its diagonals. To provide 
for any desired future construction, this square should 
be about 425 feet on a side, its corners being located on 
the center lines of the right of way about 300 feet from 
the intersection of the center lines. Assuming that 
this amount of land is taken at the intersection of two 
newly designed routes, it is of interest to follow the 
possibilities of the layout of the intersection through 
increasing traffic stages, as indicated in Figure 12. 

The first design shows the crossing of two 20-foot 
roadways. The intersecting edges are rounded at a 
30-foot radius, but otaerwise nothing need be done. 
As the trafic becomes heavier or more flexibility of 
movement is desired, it may be desirable to increase 
the roadway widths to 40 feet or two lanes in each 
direction, but it may still be unnecessary to provide 
any special intersection treatment. If turning traffic 
becomes a factor and left turns as well as right turns 
complicate the traffic, turning roads may be beneficial. 
Roads such as these are now installed as a component 

GRADE SEPARATION 

FIGURE 12.—SuGGEsSTED DESIGN FOR THE PROGRESSIVE 
DEVELOPMENT OF AN INTERSECTION 
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part of many intersections, but usually are laid out 
in a circular arc, of perhaps 200-foot radius. The reason 

for selection of the straight turning roads is apparent, 
however, on inspection of the solution for the next stage, 
a rotary traffic circle. 
When traffic becomes so heavy that traffic signals 

would be necessary to reguiate the right-angled cross- 
ing, a rotary design is very effective and, in this case, 
inexpensive. The turning roads already constructed 
will form a part of the circular roadway and a central 
island of 150-feet radius may be laid out in the area 
inclosed by the turning roads. The radius of the throats 
of the entering streets will be increased, for though in 
the previous case only turning traffic used the diagonal 
roads, now all traffic swings right on entering the inter- 
section and follows around the rotor. It may be seen 
that there is ample area to provide a traffic circle which 
will fulfill every specification developed in the section 
on rotary traffic. 

Tn the case when the traffic demands become so great 
that the rotary traffic circle will cause an economic loss 
due to the required reduction of speed of vehicles pass- 
ing through it, a grade separation may be justified. 
When this installation is completed, it will be found 
that the diagonal roadways which were first classified 
as turning roads and then as an integral part of the 
circular roadway of the traffic circle have now become 
access roads for a grade separation and the two inter- 
secting streets again pass straight through the inter- 
section, but at different elevations. 

Figure 13 shows a clover-leaf grade separation at 
the intersection of U. 8S. Route 1 and the Mount 
Vernon Memorial Highway. ah 

The foregoing discussion outlines a possible intersec- 
tion development from the simplest to the most elabo- 
rate, each stage of which fits as nearly as possible with 
the next and eliminates almost altogether the too preva- 
lent factor in highway work, depreciation through obso- 
lescence. Proper foresight will eliminate much unneces- 
sary expense in solutions which are worthless after a 
short period. It is by no means compulsory that each 
step be followed in order, but it is extremely unlikely 
that the traffic demands at any intersection will war- 
rant a transition from the initial to the final solution in 
one step and if a progressive, flexible development in pro- 
vided for, much expense and inconvenience may besaved. 

The second case, that in which the intersection is in 
a district expected to be closely built up, does not so 
readily adapt itself to a progressive development. It is 
for an intersection such as this that the Cook County 
Grade Separation Committee recommended a set-back 
line 60 feet on either side of the center line for a dis- 
tance of 660 feet back of the intersection. As in the 
preceding case it is not necessary to proceed at once 
from the simple intersection to the final solution, but 
rather to follow a series of steps which, though not 
developing one from the other as did those in the out- 
lying intersection, have a definite relationship with one 
another. 

Again, there are the two narrow intersecting road- 
ways and an equal or greater amount of excess land 
not in the form of a square, but instead shaped like a 
huge cross, the center lines of which are the center 
lines of the intersecting roadways. In this case, also, 
the second step may well be the widening of the two 
roadways to four lanes each, merely rounding the inter- 
secting edges with 30-foot curves. As turning traffic 
needs to be better accommodated or as the necessary 
stoppage by control devices interferes with the freedom 
of right turns, a splaying design becomes appropriate. 
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Figure 13.—GRADE SEPARATION AT THE INTERSECTION OF 
U. S. Rovure 1 wita tHe Mount VerRNoN MEMORIAL 
HiIGHWAy 

Here is an admirable opportunity for installing the sep- 
arated lane splaying feature, since land is available both 
on the sides and for a sufficient distance back of the 
intersection. As the traffic becomes even heavier, a 
second line may be filled in between the through pave- 
ment and the turning lane to increase the storage capac- 
ity and in this way increase the efficiency of the inter- 
section somewhat. Following this comes the final step, 
a complete separation, effected by carrying the middle 
four lanes of one roadway under the other. 

In this development one feature does not become an 
integral part of the succeeding feature. The only pos- 
sibility is that the turning lanes introduced by the 
splaying may serve as turning roadways for the separa- 
tion. It is quite possible, however, during the construc- 
tion of a project such as the grade separation structure 
and approach ramps that the existing pavement would 
be seriously injured and in this event the outer paving 
would also be relaid. 

Thus, even though successive designs may not lead 
to the construction economies resulting from the park- 
way development, a proper program of construction 
related to the traffic needs will result in an intersection 
effective at all times. 

Both the preceding cases are concerned with the 
intersection to two approximately equally traveled 
highways. Another case which very often arises is 
that of a major, heavily traveled, highway crossing 
several other highways carrying different volumes of 
traffic. This case, too, is well worth considering from 
the point of view of progressive developments. One or 
more of the intersecting highways may have traffic 
sufficient to warrant a grade separation or rotary traffic 
circle immediately while others, though not now critical, 
may in time carry such a volume of traffic that their 
intersections necessitate some special treatment and 
still others obviously may never have enough travel 
to warrant an elaborate intersection design. It will 
be found that in every case where the volume of traffic 
to be expected some years hence can be estimated, 
some progressive plan can be well adapted to the inter- 
section. Various designs have been presented for the 
intersection of roadways having different volumes of 
traffic and all of these designs have been built up from 
the same fundamental principles; so it is only a method 
of applying the pertinent designs and providing a 
means of evolving one from the other as traffic increases. 
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